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Specification 

(54) Title of Invention: Semiconductor Processing Method and Semiconductor Processing 

Apparatus 

(57) Summary 

[Purpose] In a semiconductor processing technology changing the property of a 
semiconductor by irradiating a beam with a cyclic intensity distribution, to realize an 
ideal process for various test samples by reducing a manufacturing cost, and increasing a 
degree of freedom for adjusting the intensity distribution of the beam 
(Means for solution] A beam from a laser 10 as the beam with a cyclic intensity 
distribution is divided into two by a beam splitter 20, each laser beam is reflected by the 
first and the second mirrors 30 and 40, and an angle of an optic axis of a reflecting light 
of the second mirror 40 is varied against that of the first mirror 30, subsequently the 
beams are superposed by the beam splitter 20, and interference fringes are formed by 
interfering each other. By irradiating these interference fringes 70 at a thin film 
semiconductor 61 on a substrate 60, the thin film semiconductor 61 is dissolved by the 
temperature distribution along the intensity distribution of the interference fringes and 
is crystallized by cooling down, consequently large grain size can be realized It is not 
necessary to form an antireflection film etc. for the semiconductor 61 so that production 
costs are reduced. A degree of freedom for adjusting the beam intensity distribution is 
increased by adjusting the amplitude ratio of the divided laser beam, an optical path 
difference between both laser beams, etc. and the most suitable process for various test 
samples is realized. 

[What is claimed] 

[Claim 1] A semiconductor processing method changing the property of a 
semiconductor by irradiating beams with cyclic intensity distribution on a surface of the 
semiconductor wherein said beams with cyclic intensity distribution are interference 
fringes formed by which vibrations of laser beams divided in amplitude interfere each 
other. 

[Claim 2] A semiconductor processing method of claim 1 wherein at least one portion of 
energy of said interference fringes is high enough to dissolve said semiconductor. 
[Claim 3] A semiconductor processing method of claim 2 wherein a width of a crystalline 
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region formed when at least one portion of said semiconductor is dissolved periodically 
and cooled down is the same as an interval of said interference fringes or is not more 
than it. 

[Claim 4] A semiconductor processing method of any one of claims 1 to 3 wherein said 
laser beam is the pulse shape and irradiates on the same spot of said semiconductor not 
less than one time. 

[Claim 5] A semiconductor processing method of any one of claims 1 to 3 wherein said 
laser beam is the pulse shape and irradiates on the same spot of said semiconductor not 
less than one time, next a process for irradiating said pulse shape laser beam is repeated 
after the relative positions of said interference fringes and said semiconductor are varied. 
[Claim 6] A semiconductor processing method of claim 5 wherein the position of said 
interference fringes is controUed as said semiconductor region dissolved by said second 
laser beam irradiation superposes on said semiconductor region dissolved by said first 



one. 



[Claim 7] A semiconductor processing method of any one of claims 1 to 3 wherein said 
laser beam irradiates continuously on said semiconductor while the positions of said 
semiconductor and said interference fringes are varied relatively and continuously. 
[Claim 8] A semiconductor processing apparatus comprises: 
a means for generating a laser beam; 

a means for dividing said laser beam into two laser beams in amplitude," 
a means for superposing that each laser beam after said amplitude division superpose 
and interference each other, and irradiating interference fringes formed by interference 
at a semiconductor,' and 

a means for varying an angle of at least one optic axis of said superposed laser beams 
against the other one. 

[Claim 9] A semiconductor processing method of claim 8 wherein said means for 
amplitude division and means for superposition are one beam splitter, or exchangeable 
one or a plurality of beam splitters with the different amplitude division ratio. 
[Claim 10] A semiconductor processing method of claim 8 or claim 9 wherein the first and 
the second reflecting means for reflecting said each laser beam divided in amplitude 
respectively against said superposing means are provided, and a means for varying an 
optical path between at least one of said first and second reflecting means and said 
superposing means is provided. 

[Claim 11] A semiconductor processing method of any one of claims 8 to 10 wherein a 
means for irradiating the second laser beam on said semiconductor with uniform 
intensity distribution synchronized with said interference fringes is included. 

[Detailed Description of the Invention] 
[0001] 

[Field of the invention] The present invention relates to a semiconductor processing 
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method of forming a cyclic temperature gradient inside a thin film semiconductor by 
using an interference phenomenon of a beam, especially relates to a semiconductor 
processing method and a processing apparatus for suitable for producing a crystal with 
large grain size inside the thin film semiconductor. 
[0002] 

[Prior art] The first conventional technology is disclosed in US Patent No. 4,523,962 as a 
method of forming a crystal with large grain size by which the spatial temperature 
gradient is formed inside a thin film semiconductor by irradiating a laser beam and by 
using this temperature gradient. This semiconductor processing method, as an outline 
is shown in Figure 8, is forming a thin film semiconductor 102, for example amorphous 
silicon (a-Si), poly-silicon (poly-Si), ete. thinly on a surface of a substrate 101 such as 
glass etc. by a thin film process such as CVD. Next, a dielectric film such as silicon 
oxide (SiO:j) etc. is formed thinly on said thin film semiconductor 102 by the thin film 
forming process such as CVD, consequently is patterned to a grid shape by 
photolithography process. The rest of the dielectric film functions as an antireflection 
film 103 against a laser beam 100. When the laser beam 100 scans on this structure 
irradiating continuously, the temperature of the substrate 101 rises a little because the 
laser beam 100 is absorbed almost perfectly on a surface of the thin film semiconductor 
102, and irradiates on the same spot for a short time. Then, the moment the laser beam 
100 irradiates, a portion of the thin film semiconductor 102 under the antireflection film 
103 becomes high temperature because of absorbing the laser beam 100 by the 
antireflection function of the antireflection film 103. The. other portion is hard to 
become high temperature because the laser beam 100 is reflected so that the energy that 
the thin film semiconductor 102 absorbs the laser beam 103 is low. As a result, only the 
thin film semiconductor 102 under the antireflection film 103 becomes high temperature 
selectively. Because the antireflection film 103 is formed in a grid shape, a cyclic 
temperature distribution corresponding to it is formed inside the thin film semiconductor 
102. 

[0003] Next, when the supply of the energy to this structure stops by scanning of the 
laser beam 100, the early temperature distribution has been changed by radiation of 
heat from a high portion of the thin film semiconductor 102 to its peripheral portion. In 
this stage, a crystal grows in the horizontal direction as a boundary between the high 
portion and the low portion of the thin film semiconductor 102 shifts, and then when 
crystals growing from both sides meet almost in the intermediate portion of the 
antireflection film 103, a crystallizing process ends. A crystal larger than a film 
thickness can be obtained if a width of the antireflection film 103 is adjusted. Besides, 
the position where such large crystal can be formed is the portion under the 
antireflection film, and can be controlled with high degree of freedom using 
photolithography process. Therefore, when a semiconductor device such as a thin film 
transistor etc. is manufactured by this semiconductor processing method, the 
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semiconductor device with satisfactory characteristics and excellent uniformity can be 
obtained. 

[0004] A method of scanning with a laser beam irradiating continuously is mentioned as 
an example, but it is known by the paper (H. J. Kim and James S. Im. "New 
exchner-laser-crystaUization method for producing large-grained and grain 
boundary-location-controlled Si films for thin film transistors," Appl. Phys. Lett. 68(11), 
11 Mar. 1996, pp. 1513-1515.) that the same result can be obtained if pulse beam from an 
excimer laser irradiates on the same structure. 

[0005] Besides, the second conventional technology of a semiconductor processing 
method using a temperature gradient by the conventional laser beam irradiation is 
known by the paper (James S. Im. Robert S. Sposili, and M. A. Crowder, "Single -crystal 
Si films for thin-film transistor devices," Appl. Phys. Lett. 70(25), 23 Jun. 1997, pp. 
3434-3436.) An outline of this method is shown in Figure 9. This method is that an 
image is focused on a surface of a thin film semiconductor 102 by making a laser beam 
100 transmit through a slit 104 with a cyclic aperture by a focus image optical system 
105. In this conventional technology a laser beam is a pulse beam from an excimer 
laser. Because the spatial distribution of the energy of a beam transmitting through the 
slit 104 is steep, the inside of the semiconductor 102 just after irradiation has a steep 
temperature distribution like as a rectangle. Besides, a process of crystal growth 
accompanied by radiation of heat to a substrate is the same as said first conventional 
technology. In this case, the region where the crystal grows is a narrow region 
corresponding to an image of the slit. However, when the second laser beam irradiates 
after shifting a substrate 101 half the width of this region, the half the region where the 
crystal has grown by the first irradiation is dissolved, and the crystal grows on the whole 
of the region dissolved by the second laser irradiation based on the crystal in the rest 
portion which is not dissolved. The crystalline region extending over the large area can 
be obtained by repetition of this process. 

[0006] Furthermore, the third conventional technology of a semiconductor processing 
method using a temperature gradient by the conventional laser beam irradiation is 
disclosed in Japanese Patent Gazette of Laid-Open No. Hei 6-140323. This method, as 
shown in Figure 10, is forming a temperature distribution such as the same figure inside 
a thin film semiconductor by changing a beam from an excimer laser into undulation of 
two concentric circles shape by a diflraction grating 111, and by leading these 
interference beams to the thin film semiconductor. The method of forming these 
interference fringes is widely known as an experiment of double slits of Young. Also, in 
Japanese Patent Gazette of Laid-Open No. Sho 57-99734, a method of growing crystal by 
forming a cyclic temperature distribution inside a semiconductor using the interference 
of beams and a standing wave is disclosed, and a method of obtaining an -interference 
fringes is the same as that of the experiment of Young shown in Figure 10 on this point. 
[0007] 
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[Problems to be solved by the Invention] As stated above, the technology obtaining a 
large grain size crystal by producing a cyclic temperature distribution for a 
semiconductor and using this temperature distribution has been already realized as 
shown in said first or third conventional technology. However, in said conventional 
technology the following problems are caused in relation to a method for obtaining a 
cyclic temperature distribution. First, in said first conventional technology, processes 
for forming a dielectric film as an antireflection film and for patterning are necessary so 
that production costs increase. Also, because a position of the dielectric film once 
formed is fixed, a crystal extending over a large area cannot be obtained by repeating the 
second and the third crystal growing processes by shifting a substrate as the second 
conventional technology. 

[0008] In the second conventional technology, an optical system and the precision of 
shifting a substrate for focusing into an image of a slit on a surface of a thin film 
semiconductor, and enough focus depth of said optical system are required. Because a 
warp exists on a large area substrate, it is difficult to control the crystal growth on the 
whole surface of the substrate if the precision of shifting the substrate and the focus 
depth of the optical system are not enough. Besides, in order to make a process for 
growing crystal using a temperature gradient for various thickness and kinds of thin 
film semiconductor most suitable, it is desirable to adjust the early temperature 
distribution as freely as possible, however, the early temperature distribution obtained 
with a slit is only the steep distribution nearly rectangle so that the degree of freedom for 
adjusting the temperature distribution is extremely limited. 

[0009] In the third conventional technology, the intensity of interference fringes becomes 
to the maximum at the position of a substrate corresponding to the center of two slits, 
and the intensity of the adjacent interference fringes is low compared with it, therefore, 
m the same way as the second conventional technology the degree of freedom for 
controlling the intensity distribution of the interference fringes is low so that it is difficult 
to make the process for various test samples most suitable. Consequently, when the 
intensity of a laser beam is adjusted so as to crystallize suitably in the central 
interference fringes, the crystallization is not suitable in the other interference fringes, 
and the area crystallized by one time of irradiation is small. Furthermore, because it is 
necessary to provide a slit adjacent to the semiconductor thin film, there is a problem 
that atoms vaporized by irradiating a laser beam contaminate the slit, and the intensity 
distribution changes as time goes by. 

[0010] The present invention has the purpose to offer a semiconductor processing 
method and a processing apparatus with low production costs, the excellent control of a 
temperature gradient inside a semiconductor, and crystallization with large grain size 
extending over a large area. 
[0011] 

[Means for resolving problems] A semiconductor processing method of the present 
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invention, in a semiconductor processing method changing the property of the 
semiconductor by irradiating a beam with a cyclic intensity distribution on a surface of 
the semiconductor, is characterized by said cyclic intensity distribution is interference 
fringes formed by which each vibration of a laser beam divided in amplitude interferes 
each other. In this case, it is characterized by at least partial energy of said interference 
fringes is high enough to dissolve said semiconductor, also the width of a crystalline 
region formed when at least one portion of said semiconductor is dissolved and cooled 
down periodically is the same as an interval of said interference fringes or not more than 
it. 

[0012] Besides, in a semiconductor processing method of the present invention, it is 
characterized by said laser beam is a pulse shape, which irradiates on the same spot of 
said semiconductor not less than one time, or irradiates on the same spot of said 
semiconductor one time or several times, next the process for irradiating again after the 
relative position of said interference fringes and said semiconductor is changed is 
repeated. Besides, in this case, it is characterized by the position of said interference 
fringes is controlled so as to superpose the region of said semiconductor dissolved by the 
second irradiation of said laser beam on the region of said semiconductor dissolved by the 
first irradiation of said laser beam. Also, the semiconductor processing method of the 
present invention is characterized by said laser beam irradiates on said semiconductor 
continuously varying the position of said semiconductor and said interference fringes 
relatively and continuously. 

[0013] A semiconductor processing apparatus of the present invention comprises: 
a means for generating a laser beam,' 

a means for dividing an amplitude of the laser beam into two; 

a means for superposing that each divided laser beam superposes and interferes each 
other, and irradiating the produced interference fringes on a semiconductor; and 
a means for varying an angle of at least one optic axis of said each laser beam against the 
other one. In this case, said means for dividing and means for superposing are 
constituted by one or a plurality of exchangeable beam splitters with the different 
amplitude division ratio. Besides, the first and the second reflecting means for 
reflecting said each laser beam divided in amplitude respectively against said means for 
superposing are provided, and a means for varying an optical path between at least one 
reflecting means of the first and the second ones and said superposing means is provided. 
Also, in the semiconductor processing apparatus of the present invention, it is 
characterized by a means for irradiating the second laser beam on said semiconductor 
with uniform intensity distribution synchronized with said interference fringes is 
included. 
[0014] 

[Embodiment] Next, an embodiment of the present invention is explained referring to 
Figures. Figure 1 is a schematic view showing the first embodiment of a semiconductor 
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processing apparatus used in a semiconductor processing method of the present 
invention. This semiconductor processing apparatus is constituted by a laser 10 
emitting a laser beam of a coherent beam, a beam splitter 20 dividing the laser beam 
emitted from said laser 10 into two, that is to say, dividing an amplitude of the laser 
beam into two, the first mirror 30 and the second mirror 40 reflecting the divided laser 
beams respectively and an actuator 50 which is able to hold said second mirror 40 and 
shift along an incident optical axis. In this case, said beam splitter 20 has functions of 
superposing each laser beam reflected with said first and second mirrors 30 and 40, and 
making both laser beams interfere by this superposition as well as dividing the laser 
beam as stated above. That is to say said beam splitter 20, the first mirror 30, and the 
second mirror 40 are the same constitution basically as the interference apparatus 
known as the interferometer of Michelson. And it is constituted so as to irradiate the 
interference fringes 70 obtained by this processing apparatus on the substrate 60 on 
which amorphous or poly-crystalline thin film semiconductor 61 of an object for 
processing is formed. 

[0015] Besides, in the constitution of the present invention, it is necessary for the laser 
10 to have enough output energy to dissolve the thin film semiconductor. For example, 
an excimer laser of XeCl, KrF, ArF, etc., or an Ar laser etc. oscillating continuously is used. 
Also, the beam splitter 20 of which amplitude division ratio dividing laser beam is 1=1 is 
not necessarily used, for example, that dividing unsymentrically such as 10-1 is can be 
used. Furthermore, the actuator 50, as stated above, is constituted as a reflector 
inclined by microangle £ against the face at right angles to the optic axis so as to be 
able to vary an angle reflecting the laser beam slightly as the second mirror 40 shifts 
very slightly to the direction of the optic axis. This actuator can shift a microdistance 
such as a wavelength of a beam quickly by computer control, if a piezoelement is used, 
for example. 

[0016] The following is an explanation of a semiconductor processing method using a 
semiconductor processing apparatus of said first embodiment. A laser beam from a 
laser 10 is divided into two in amplitude by a beam splitter 20. The divided laser beams 
are reflected by the first mirror 30 and the second mirror 40 respectively, enter into the 
beam splitter 20 again, and are superposed here and interfere each other. If optical 
paths of both laser beams reflected by the first mirror 30 and the second mirror 40 are 
made to be equal, interference fringes with regular intervals formed on a surface of a 
substrate 60 because the second mirror 40 is inclined slightly. This is regular thickness 
interference by unparalleled thin plates and is known as the interference fringes of 
Fizeau. When a wavelength of a beam is A, a refractive index is n, and an inclining 
angle of the second mirror 40 is a , the interference fringes, of which pitch is an equal 
interval of A /n £ , are straight fringes. Besides, because the position of said 
interference fringes on the substrate 60 depends on the optical path of the beam splitter 
20 and the second mirror 40, that is to say the incident position of a reflecting beam from 
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the second mirror 40 into the beam splitter 20, it can be changed freely by adjusting the 
position of the second mirror 40 with the actuator 50. 

[0017] Also, the intensity distribution of a beam on the surface of said substrate 60 
depends on the amplitude division ratio of two laser beams divided in the beam splitter 
20. For example, in case that the amplitude ratio of the laser beam dividing to the first 
mirror 30 and the second mirror 40 is A1A2, and this amplitude ratio is 1:1, the 
intensity distribution shown in Figure 1 (a) is obtained. Besides, when the amplitude 
ratio is 1-10, the intensity distribution shown in Figure 2 (b) is obtained. However in 
case of e = 0.01, and n = 1. 

[0018] Also, it can be used that coherence of the laser beam is deteriorated and the 
contrast of the interference fringes is lowered when the optical path becomes long. For 
example, the contrast of the interference fringes is reduced as the second mirror 40 is 
made to be far away from the beam splitter 20 by the actuator 50, consequently the 
intensity distribution shown in Figure 2 (b) is obtained. 

[0019] The following is an explanation of a semiconductor processing method of the 
present invention using interference fringes formed by a processing apparatus of Figure 
1 referring to Figure 3. In the first processing method, interference fringes adjusted to 
the intensity distribution such as Figure 3 (a) are irradiated on a substrate 60 only one 
time, and a laser beam is a pulse shape and a pitch of the interference fringes is equal to 
the growing distance of a crystal shown in Figure 3 (b). When the interference fringes 
are irradiated on a surface of a thin film semiconductor 61 on a substrate 60, a 
temperature gradient corresponding to the intensity distribution of the interference 
fringes is generated inside the thin film semiconductor 61 shown in Figure 3 (c). That is 
to say, the portion with high intensity of the interference fringes is high temperature 
compared with the portion with low one. By setting the intensity distribution of the 
interference fringes properly by adjusting the amplitude etc. in said beam splitter 20 etc., 
the whole region of the thin film semiconductor 61 can be dissolved, and the intensity 
distribution of the interference fringes can be set so as to dissolve in a high temperature 
portion and not to dissolve in a low temperature portion. Then, when the thin film 
semiconductor 61 is cooled down after irradiation of the interference fringe, as shown in 
Figure 3 (d), a crystal becomes growing in orthogonal direction against a film thickness 
of the thin film semiconductor 61 On horizontal direction against the substrate) in the 
process, and reaches to a size suitable for a pitch of the interference fringes. Besides, in 
case that one portion in the low temperature portion is not dissolved, this portion 
remains not ciystallizing. Also, a high temperature dissolved region 61a, a 
non-dissolved region 61b, a crystallized region 61c, and a boundary of the crystallized 
region 61d are shown respectively in the same Figure. Consequently, making large 
grain size of the thin film semiconductor 61 that the purpose of the present invention can 
be realized. 

[0020] Thus, in the first processing method using the processing apparatus of the first 
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embodiment, because the interference phenomenon of a laser beam is vised, processes for 
forming a dielectric thin film and patterning which have been needed conventionally are 
not necessary so that the excellent mass production can be realized with few processing 
processes. Besides, the degree of freedom at controlling the temperature distribution in 
the semiconductor thin film because the amplitude ratio is controlled by the beam 
splitter or the intensity distribution of the interference fringes is adjusted by controlling 
the optical path. That is to say the process that the thin film semiconductor is dissolved 
by absorbing the energy of the laser beam and crystallized as cooling down by radiation 
of heat depends on structural factors such as a thickness of the thin film semiconductor, 
a material existing in the under portion of the thin film semiconductor, an atmosphere in 
the upper portion of the thin film semiconductor, for example, a kind of gas such as 
nitrogen, argon, vacuum, etc., time factors such as a pulse width, a pulse shape in case of 
making the laser beam into the pulse shape, and all of these factors affect the 
temperature distribution in the thin film semiconductor. These factors can be 
controlled frequently from the outside, but the rang of controlling is limited by the ability 
of the apparatus, the physical limitation, etc. In this point, in the present embodiment, 
the flexible correspondence to the various limitations of said structural factors and time 
factors is possible. Furthermore, in this embodiment, because the interference fringes 
which are not localized are used, even in case that the substrate 60 is warped by being 
large size and the distance between the optical system and the substrate depends on the 
spot, clear interference fringes can be obtained on the substrate, crystal formation can be 
performed easily on the large-sized substrate, and excellent mass production can be 
realized. Besides, because nothing is provided adjacent to the substrate 60, the 
possibility of contamination of the apparatus by gaseous object generated as the laser 
beam is absorbed into the thin film semiconductor 61 is reduced, a crystal can be formed 
continuously without maintenance of the apparatus for long time, and exceUent mass 
production can be realized. 

[0021] The following is an explanation of the second processing method in the present 
invention referring to Figure 4. In this second semiconductor processing method, a 
laser beam is a pulse shape, first as shown in Figure 4 (a), a crystal grows by one time' or 
a plurality of irradiation on the same spot. Next, as shown in Figure 4 (b), a position of 
interference fringes is varied by shifting the second mirror 40 slightly with an actuator 
50. Subsequently the process for crystal growth by laser irradiation is repeated. In the 
first and the second processes, the position of the interference fringes is controlled so as 
to superpose dissolved portions of the semiconductor each other. Figure 5 shows the 
intensity distributions of the interference fringes by the first irradiation and the second 
one. The irradiation mentioned above, as shown in Figure 4 (c), is repeated until the 
distance equal to one cycle of the interference fringes. Consequently, making large 
gram size of the thin film semiconductor 61 can be realized by stopping irradiating the 
interference fringes in the same way as said first processing method. 
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[0022] The same effect as the first processing method can be obtained in the second 
processing method. Besides, in addition to this, because the position of the interference 
fringes on the thin film semiconductor 61 is controlled by varying the optical path with 
the second mirror 40, the interference fringes can be shifted easily and the processing 
apparatus is small-sized and favorable to setting. By the way, in the conventional 
technology shown in Figure 9, it is necessary to control the relative position of a focus 
image optical system and the substrate by precision of 1 Mm so that a large-scale 
mechanism portion is required in the apparatus. 

[0023] Besides, as the third processing method in the present invention, a method of 
varying a position of interference fringes continuously during one time of laser 
irradiation. In the third semiconductor processing method, a laser which can irradiate 
continuously such as Ar laser etc. is used. Then, when the laser beam irradiates with 
regular intensity, a reciprocating motion with regular amplitude around one standard 
position is performed by an actuator 50. Accordingly, the position of the interference 
fringes on the thin film semiconductor 61 varies continuously. When the distance of 
shifting the second mirror 40 is equal to one cycle of the interference fringes, in the same 
way as the second processing method, the thin film semiconductor can be crystallized on 
the whole surface of the thin film semiconductor 61. The same effect as said first and 
the second processing methods can be obtained in the third processing method. 
[0024] The other constitutional example of a semiconductor processing apparatus for 
adjusting the intensity distribution of interference fringes is explained here. In the 
second processing apparatus shown in Figure 6, the second beam splitter 21 is provided 
on the optical path of a laser 10 and a beam splitter 20, and the third mirror 41 and the 
fourth mirror 42 reflecting beams divided by the second beam splitter 21 are provided. 
Then, it is constituted so as to irradiate the laser beam reflected by said fourth mirror 42 
on a thin film semiconductor 61. In this constitution, the optical paths of the laser 
beams by the second beam splitter 21, the third mirror 41 and the fourth mirror 42 are 
remarkably different from the optical paths producing the interference fringes with the 
first and the second mirrors 30 and 40, consequently the beams through the third and 
the fourth mirrors 41 and 42 do not interfere with the beams through the first and the 
second mirrors 30 and 40. Therefore, the intensity distribution of the interference 
fringes 71 in the thin film semiconductor 61 is superposition of uniform intensity on the 
intensity distribution of the interference fringes. Of course, the constitution of 
synchronized irradiation using the second laser separated from the laser 10 instead of 
the second beam splitter 21, the third and the fourth mirrors 41 and 42 can be used. 
[0025] Besides, the third processing apparatus is shown in Figure 7 as a constitutional 
example for shifting interference fringes. In this processing apparatus, the position of 
the interference fringes is controlled by controlling the optical path using an object with 
different refractive index. That is to say, a step shape transmitting plate 80 made of a 
transparent material with different refractive index from air such as glass is provided on 
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the optical path of one beam divided by said beam splitter 20. Then, it is constituted so 
as to shift said step shape trammitting plate 80 in the direction of crossing at right 
angles with said optical path by the second actuator 51 as a means for converting the 
optical path difference, and locate a portion having different thickness in said step shape 
transmitting plate 80 on said optical path selectively. Consequently, the thickness of the 
step shape transmitting plate 80 on the optical path is varied, the optical path is varied 
in response to a distance that the beam transmits this step shape transmitting plate 80, 
and accordingly the position of the interference fringes 70 formed on the thin film 
semiconductor 61 can be controlled. 
[0026] 

[Effect] According to the present invention as explained above, the following effects can 
be obtained. The present invention has some effects that the processes for forming a 
dielectric film as an antireflection film on the thin film semiconductor and for patterning 
are not necessary because the interference phenomenon of the laser beam divided in 
amplitude is used as a means for generating the temperature gradient inside the 
semiconductor, and excellent mass productivity with few processing processes can be 
realized. Also in the present invention, because a method of controlling the amplitude 
division ratio by the beam splitter, a method of vaiying the optical path, and a method of 
irradiating the third beam different from interfering two beams are used as a means for 
controlling the intensity distribution of the interference Singes, the degree of freedom at 
controlling the temperature distribution in the semiconductor thin film becomes high so 
that the correspondence with flexibility to various limitations of structural factors and 
time factors in crystallization can be realized. Furthermore, the present invention has 
some effects that the interference fringes is shifted easily, and the apparatus is 
small-sized and suitable for setting because the position of the interference fringes is 
controlled by varying the optical path with means of shifting a mirror, inserting a 
material with different refractive index into the optical path, etc. 

[0027] Furthermore, because the interference fringes which are not localized are used in 
a method of forming crystal in the present invention, clear interference fringes can be 
obtained on the substrate in case that the distance between the optical system and the 
substrate depends on the spot because the substrate is warped by being large-sized. 
Therefore, the formation of crystal on a large-sized substrate can be performed easily 
and excellent mass production can be realized. Besides, because nothing is provided 
adjacent to the substrate, the possibility of contamination of the apparatus by gaseous 
object generated as the laser beam is absorbed into the substrate is reduced, a crystal 
can be formed continuously without maintenance of the apparatus for long time, and 
excellent mass production can be realized. 
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[A brief explanation of Figures] 

[Figure l] A schematic view of the first processing apparatus of a semiconductor 
processing apparatus of the present invention. 

[Figure 2] A figure showing the intensity distribution of interference fringes in a 
semiconductor processing apparatus of the present invention. 

[Figure 3] A figure for explaining the first processing method of the present invention. 
[Figure 4] A figure for explaining the second processing method of the present invention. 
[Figure 5] A figure showing an intensity distribution of interference fringes in the second 
processing method. 

[Figure 6] A schematic view of the second processing apparatus of a semiconductor 
processing apparatus of the present invention. 

[Figure 7] A schematic view of the third processing apparatus of a semiconductor 
processing apparatus of the present invention. 

[Figure 8] An explanatory view of a semiconductor processing method in the first 
conventional technology. 

[Figure 9] An explanatory view of a semiconductor processing method in the second 
conventional technology. 

[Figure 10] An explanatory view of a semiconductor processing method in the third 
conventional technology. 
[Explanations of marks] 
10... laser 
20. . .beam splitter 
21. . .the second beam splitter 
30. . .the first mirror 
40. . . the second mirror 
41. . .the third mirror 
42. . . the fourth mirror 
50... actuator 
51... the second actuator 
60... substrate 

61... thin film semiconductor 

70, 71... interference fringes 

80. . . step shape transmitting plate 
100... laser beam 
101... substrate 
102. . . thin film semiconductor 
103. . . antireflection film 
104... slit 

105. . . focus image optical system 
111... slit 
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